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Abstract 
For a customer, one of the most appealing areas aesthetically in a passenger vehicle is the frontal and side closure of the vehicle. Especially the 
way the precision tolerances are achieved in cars. Hence the precision tolerance gives the aesthetic appeal for gap and flushness. It plays a vital 
role in the saleability of the vehicle. There are three priority areas of a passenger car which influences the prospective customer. The priority 1 
includes the front-rear door and headlamp-hood interfaces. The priority 2 includes the A pillar to roof and front wind shield interfaces. The 
priority 3 includes door to rocker moulding and hood to grille interfaces. Here the importance is given to the customer’s view perspective. For 
example, in a side closures (car door assembly), the front-rear door interfaces which lies between the B pillar and the rear door region is given 
importance since it has the high priority as seen by the customer (Priority1).Whereas the door to rocker moulding interfaces which lies on the 
bottom surface of the car is given low priority (Priority 3). Based on these priorities the gap and flushness effectively achieved through the 
tolerance management. This research paper aims to investigate the influences of tolerancing methods and aspects of perceived quality on the 
side closures with respect to computer aided tolerancing, hinge positioning, Striker and hinge adjustments and hemming. These influences in 
turn gives the side closures superior aesthetic appeal, loyal customers and winning edge in the saleability of luxury cars in the global market. 
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Peer-review under responsibility of the organizing committee of the 14th CIRP Conference on Computer Aided Tolerancing. 
 Keywords: Tolerances; Hemming; Hinges; Gap and Flushness ;Visualization and Computer Aided Tolerancing 
1. Introduction 
The important item in current automotive manufacturing is 
the car body or Body-In-White (BIW), an item has two 
important characteristics which reflect its crucial importance: 
it is the most expensive part in the whole automotive plant, 
and its changeover in response to market trends occurs more 
often. As in the BIW, a side closures, an automotive door is 
manufactured through process, such as blanking, rolling, 
stamping and assembly. In general a side closure is made by 
assembling together the inner panel, the outer panel, the inner 
and outer belt reinforcements, the crash bar and the hinge 
pillar. A schematic diagram of the elements is shown in the 
Figure.1. The inner and outer panel are manufactured by 
stamping process. The belt reinforcements and the hinge pillar 
are made by small presses, and the crash bar is manufactured 
by a cold rolling process Wu [15]. In this research paper an 
attempt is made to analyse the influence of tolerances and 
visualization on the side closures of luxury cars. The 
influences are classified into three major categories and 
discussed in detail. 
 
(1) Hinge Positioning and Locations 
(2) Striker Adjustments  
(3) Wedge Hemming for Visualization 
1.1. Gap and Flush Measurements 
Ceglarek et al [3] illustrate that dimensional quality is one of 
the most important issues in the assembly, which is widely 
looked in aerospace and automotive industries. Number of 
factors in the assembly process, such as the component 
variation, fixture layout and assembly sequence have impact 
on the assembly dimension variations. Visual effect and its 
importance for the product are also emphasized in it. The gap, 
gap parallel (equal distance between two gaps over a distance) 
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and flush are the terminologies involved in automotive 
industry which influences the customer appeal. The gap and 
flush measurements of side closure as shown in the Figure 2 
and a typical gap and flush measurement of a section using 
the laser gun is shown in the Figure.3. 
 
1.2. Computer Aided Tolerancing Methods 
The tolerance analysis tools integrated with the design 
softwares need to be accessible to designers and production 
engineers. To accomplish the goal, research efforts have been 
directed at integrating tolerance analysis with Computer-aided 
Design (CAD) systems. To identify the key parts with respect 
to a given 3D tolerance-chain, many researchers have 
represented the structure of word. assemblies based on a 
graphical model. One such assembly has been described 
graphically by Lee and Gossard [9]. Rime provided the first 
proof that vector tolerance models can be integrated with 
existing CAD systems. He creates a 1-D tolerance model that 
was linked to CADAM. The tolerance model is created 
graphically, with geometric data extracted directly from 
CADAM. The resulting 1-D stack-up is analyzed statistically. 
Chun implements a 2-D graphical tolerance modeler within 
Hewlett Packard’s (HP) ME10™ CAD package. A modeling 
procedure for 2-D assemblies is reported. The system of 
equations describing assembly variation can be derived 
directly from the graphical vector model. Larsen refines the 
automatic closed loop generation algorithm to make it robust. 
He develops a new modeler in AutoCAD™ to graphically 
create 2-D tolerance models for analysis by the Direct 
Linearization Method (DLM). He introduces the concept of 






















Fig.2. (a) Front to Rear Gap and Flush Measurements (b) 





















Fig.3. Gap and Flush Measurements of Side closure using 
Laser gun. 
 
Lu and Wilhelm [10] proposed a tolerance synthesis 
approach, CASCADE-T, which uses a representation of the 
conditional tolerance relations that exist between features of 
the part. Conditional tolerances are automatically determined 
from functional requirements and shape information. A 
constraint propagation network is employed for tolerance 
computation. However, the tolerances are propagated in a 
random order. Their technique is useful for tolerance analysis 
and synthesis, but does not deal with finding an optimum 
solution. The measurement using the 3D Scanner is shown in 
the Figure 4. 
Jackson [6] develops the Application Interface Specification 
(AIS). The AIS provides a consistent interface for 
applications to access geometric information from large 
Computer-aided Engineering (CAE) codes. The AIS is used to 
integrate the Parasolids™ modeler with the Computer-Aided 














Fig.4. Measurements Using 3D Scanner [18] 
 
Xiaoyun et al [16] demonstrate a new method based on the 
fractal geometry in which FEM is proposed to study the 
variation in the dimension of assembled components which 
influences assembly dimensional quality. Krischuk et al [8] 
proposed a design procedure for the tolerance analysis and 
synthesis. In this procedure a system program allows the 
automation of the process of presetting tolerances on 
electronic devices. The interconnection between the program 
system and CAD systems are discussed.  
Anselmetti and Mawussi [2] illustrated a simple mechanism 
to identify a contact loop, the problem of joint surface 
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influences. This mechanism is considered to be assembled and 
they seek to detect influential surfaces in order to meet a 
precision requirement in the assembly. Islam [6] describes the 
development of a prototype software package for solving 
functional dimensioning and tolerancing (FD&T) problems in 
a Concurrent Engineering (CE) environment. Manarvi and 
Neal [11] illustrated a framework of an integrated tolerance 
synthesis model using FE simulation for simple sheet metal 
part and automotive parts. Dahlstroem et al [4] illustrated an 
automotive application with the inspective data used to 
monitor the process in sheet metal assemblies. 
 
Automobile door hinges have for a long time been fastened by 
screws to the body and door. With oversized holes or slots in 
the pillar or door, in and out and/or fore and aft adjustment of 
the upper and lower hinges was possible to correctly fit and 
align the door to the body, whereas, with hinge halves welded 
to the pillar and door, respectively, an appreciable saving in 
cost is realized, but the welding eliminates this previous 
adjustability so a change in hinge construction was needed to 
correct improper door fit. Tolerance analysis is conducted 
using the 3DCS and VSA [17] software have the comparison 
between the digital and plant environment; it is used to 
simulate manufacturing processes and assemblies to 
determine the dimensional impact of variation. Anke 
Beckmann et al [1] emphasis in their paper that  challenges  in  
simulating  real  assembly  processes  in  conventional  
tolerance  simulations.  It emphasizes   the   limits   of   
simulating   real   processes   and   component behaviour in 
conventional tolerance simulations. Muthu et al [13] and [14] 
propose a tolerance allocation problem formulated as a non-
linear integer model by considering both the manufacturing 
cost of each component by alternate processes and the quality 
loss of assemblies. They use metaheuristics techniques 
Genetic Algorithm (GA) and particle swarm optimization 
(PSO) to solve the over running clutch assembly model and to 
obtain the global optimal solution for tolerance design. Also 
in another paper they had demonstrated tolerance allocation 
problem and it is formulated as a non-linear integer model by 
considering both the design and manufacturing tolerances. So 
in order to minimize the manufacturing cost and quality loss, 
GA is employed to solve the model. 
2 Hinge Adjustments  
The properties of the most common hinges for vertical axis 
side doors usually made up of two half hinges, articulated 
using a cylindrical pin. The movable half hinge (Figure.5) is 
screwed or welded to the door whereas the fixed half hinge is 
usually screwed or welded to a body side pillar. The 
cylindrical pin connecting both half hinges and leaving one 
freedom degree only (the rotation around pin axis), is kept in 
its seat by a removable screw. In the body assembling 
process, the movable half hinges are installed first, on a bench 
where a mechanical fixture simulates the hinge axis, i.e. the 
axis that connects both hinges. If this specification cannot be 
respected, the pin stress could be reduced by using barrel 
instead of cylindrical pins, causing an increase in cost as a 
result. After alignment, the movable hinges are welded or 











Fig.5 (a) Body Side Hinge Adjustments (b) Door Hinge 
 
Usually, welding is preferred when the purpose is to fix the 
movable hinges axis once and for all; however many cars use 
screwed movable hinges to enable further adaptation. After 
door matching with the body side, the fixed half hinges are 
fitted to the body side pillars: this process is usually 
performed with closed doors and therefore the screwing or 
welding operation should be made from the outside; otherwise 
robots should be used. The usual process specifies first the 
rear door hinges fitting on the central body side pillar, then 
the front door hinges to the front pillar before the fenders are 
in place, adjusted to have a gap and flush measurements of 
side closure. Figure 6 shows the hinge assemblies on body 
side and door side respectively. 
 
 








Fig.7. (a). Misaligned Door due to Sagging (b) Aligned 
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Sagging car doors are a common problem in many makes and 
models. As the door swings out from the car, it puts pressure 
on the hinge pins, which can cause the door to sag a little. 
Figure. 7 shows the misaligned door and the aligned door. 
When not taken care of, it can lead to other problems such as 
the hinge itself becoming loose, the pins popping out, and the 
door not closing shut or even flying open while driving. There 
are basically two reasons for car door hinges will sage. The 
first is because the bolts that are holding the hinge onto the 
car frame are beginning to strip or come loose by the constant 
motion of the car. When these bolts loosen, the hinge will 
travel a little causing the door to sag. The tightening of the 
bolts up and end the problem, but usually if it’s are loose, it 
requires a replacement. The second reason is caused by 
general use of the door. The hinge pin that allows the swivel 
action in the knuckle of the hinge will cause the small hole to 
elongate and the door to sag. This is caused by the weight of 
the door over time or by leaning on the door while it is 
opened.  














Fig. 9. Hinge and Striker Adjustments 
 
Regarding the influence of tolerance, it must be noted that 
door constraints are located in hinges and lock area and 
therefore their three tolerances result in the overall tolerance 
of a plane, compared to the theoretical plane passing through 
the reference points. This means that, for instance, in the 
furthest door frame edge, in addition to local stamping and 
assembling tolerance, the error due to hinges plane location 
must be computed: that contribution is relevant, because the 
distance between door edge and hinges can be more than 1000 
mm, while the distance between hinges can be about 300 mm. 
In practice, the tolerance of hinges fitting planes, both on door 
and body side, must stay in a range of tenths of mm, in order 
to result in less than 1mm of error between the door end and 
the body side. If this target cannot be achieved, a boundary 
manual matching of door mounted to the body is required, 
meaning individual door permanent deformation in order to 
obtain an acceptable matching.  
3 Influences of Striker Adjustments  
Figure 8 shows the before and after striker adjustments 
whereas the U/D means Up/Down; F/A means Fore/Aft and I/O 
means In/Out directions. Figure 9 shows the adjustments of 
hinge and latch or Striker positions. A tool for aligning a 
striker with a latch for a door on a motor vehicle includes a 
base member and a striker setter positioned perpendicular to 
an end of the base member. The tool also includes a suction 
cup for holding the tool onto the vehicle, and a latch setter 
extending outwardly from an end of the base member. The 
alignment tool further includes a striker lead-in at one end of 
the striker setter for positioning the striker relative to the 
latch. A passenger car may include a closure panel such as a 
door, a hood, or a liftgate. Typically, the closure panel 
includes a latch that engages a striker positioned on the 
vehicle body of the motor vehicle. For example, to retain the 
door in a closed position, the door includes a latch that 
engages the striker, which is mounted on the door frame of 
the vehicle body. A liftgate on a truck or sport utility vehicle 
includes a latch that similarly engages a striker mounted on a 
liftgate frame of the vehicle body for holding the liftgate in a 
closed position. A hood also includes a latch for engaging 
with a striker positioned on the vehicle body of the motor 
vehicle to retain the hood in a closed position. These are the 
influences of the striker adjustment in the passenger cars. 
3.1 Striker Adjustments on Luxury cars  
Luxury car manufacturers, in response to market 
competitiveness, are continuously attempting to improve their 
vehicles in areas such as vehicle fit and finish and quietness. 
For example, the fit of a door to a body panel, the effort to 
close the door. The quietness of the door can all be enhanced 
by precise alignment of the door latch and striker. The door 
latch and striker alignment is determined during the vehicle 
assembly process. 
 
During the vehicle assembly process, the vehicle typically is 
painted in one step. In a subsequent step, the vehicle door is 
removed to protect the paint finish of the door while the 
vehicle is being assembled. In still another subsequent step, 
after the vehicle is nearly complete, the door is reinstalled on 
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trial and error process, initially positions the striker, so that 
the striker is engaged by the door latch when the door is 
closed. The assembler tightens a retaining fastener for the 
striker, and shuts the door. If the door is difficult to close, or 
the door is not flush with the vehicle body panel, the 
assembler continues to adjust the position of the striker and 
test the door, until the striker alignment is improved, in an 
iterative, trial and error methodology. Car Door assembly 
worker is skilled enough to assemble the door by maintaining 
gaps and flushness with Fender and sidewall by adjusting 
Hinges and Striker. The operator is familiar to use measuring 
equipment’s to check gap and flushness, has knowledge of 
tolerances, quality and functional requirements in door 
assembly. Figure 10 shows the offline and In line 
measurement for the specific measurement and continuous 
measurement on the production line. 
 
Since it is desired that the dimensional relationship between 
the striker and latch be strictly maintained to minimize door 
closing efforts and door related noises thus improving 
alignment of a door striker with a latch, helps in achieving the 




Fig.10. (a) Offline Measurement (b) Inline Measurement [14] 
4 Influences of Wedge Hemming  
The increased interest in the production of lightweight 
vehicles to address these issues has resulted in an increased 
tendency in utilization of aluminum alloys for the power train, 
structural applications, and body panels. Between 1995 and 
2005, the use of aluminum increased by more than 80% in 
automotive applications. However, implementation of 
aluminum alloys in the production of outer body panels 
brought a number of difficult technological problems. Most of 
them were the result of insufficient formability of these alloys 
compared with steel. Because plastic deformation 
accumulates in the deformed blank toward the end of the 
stamping and assembling process, difficulties in the form of 
cracks may arise. 





Fig.11. (a) Normal Hemming (b) Wedge Hemming 
 
Hemming is aesthetically pleasing and recommended for a 
smooth border, but has two main problems. The first regards 
the inner panel centering inside the outer panel, as the last one 
cannot usually feature reference holes. In practice, matching 
precision is supplied by perimeter contact between the 
hemming die and the outer panel, while the inner panel is 
positioned in the die through reference holes. The second 
problem is the unreliable link between the inner and outer 
panel that leaves a sliding risk just after hemming. For that 
reason, a structural adhesive is laid on the outer panel hem 
flange, before inner panel fitting.  
 
The structural adhesive is usually thermoset and therefore 
needs time and heat to be cured. For that reason, the hem 
assembly is usually locally spot welded and immediately put 
in a baking module where a local heat hardening of the hem 
joint is performed. Only after such a process can the door be 
handled safely. Hemming is used to join two sheet metal 
panels by bending the flange of the outer panel over the inner 
one. In hemming process, a robot guides a small roller across 
the flange to fold a sheet onto itself or onto another sheet. The 
process is oriented to low volume automotive applications, 
providing a distinct advantage in manufacturing closures and 
subassemblies with developed flanges. The most important 
benefit of the hemming process is the flexibility to handle 
multiple product variations. It can be used to replace some 
flanging operation reducing overall investment costs. 
Hemming is used either to improve appearance (to create a 
smooth edge rather than a razor edge with burrs) or to attach 
the exterior panel to the interior. In flanging and hemming 
operations, insufficient formability can result in splits on the 
class A surface. Figure11 helps to illustrate the difference 
between normal and wedge hemming. Wedge hemming is a 
relatively new process, so nowadays there is no much 
fundamental process know-how available. However, this 
measure can produce a negative effect on the car exterior and 
customer satisfaction. Thus when comparing the apparent gap 
is higher in the case of normal hemming whereas in the wedge 
hemming, the true gap is minimized and give the superior 




A product has to be designed for competitive advantage to 
perform that serves as the basis for improved design 
methodologies in the future. Especially at luxury segments, 
early design stages and in concurrent design environments 
proper tolerance synthesis is required. The first impression a 
customer gets about any product is the look-and-feel of the 
product, without regard to its functionality. Visible high 
quality is an important differentiating factor because it is used 
by potential customers to decide which products and brands 
they will consider for the purchase. Gap and flushness on the 
car plays a vital role on this buying decision.  
 
The tolerance synthesis provides a valuable support in 
making decisions on a more logical and scientific basis. There 
is a demand for analytical output closer to the actual variation 
range. In this research paper an attempt is made to analyse the 
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influence of tolerancing methods and aspects of perceived 
quality on the side closures of luxury cars. The influences 
classified in to three major categories (Striker Adjustments, 
Wedge hemming and Hinge Positioning and Locations) which 
directly influences the tolerancing methods and major aspects 
of perceived quality of side closures of luxury cars. These 
influences in turn gives the side closures superior aesthetic 
appeal, loyal customers and winning edge in the saleability of 
luxury cars in the global market. 
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